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Passive cooling is one of the methods to keep the building cool and to reduce the load on air conditioner. Passive 
cooling demands the study of the thermal characteristics like admittance, transmittance, decrement factor, time lag, 
surface factor and surface factor time lags. These characteristics were determined for both homogeneous and 
composite walls. In this study, five building materials like Laterite stone, Burnt brick, Mud brick, Reinforced brick 
and Fly ash bricks were selected as homogeneous building materials. Five local Insulating materials such as Saw 
dust, Rice husk, Coir board, Jute felt and Jute fibr were selected to form the composite wall along with building 
materials. The composite walls were framed using the combination of building and insulation materials. Total 
hundred combinations of composite walls, without insulation and with insulation material located at inner side, at 
mid plane and at outer side of the composite walls were studied. To study the thermal characteristics of uch 
configurations of composite wall, one dimensional heat flow diffusion equation was solved using matrix algebra 
under periodic boundary conditions. The penetration length, phase velocity of the heat waves in the wall and 
optimum fabric thickness of the selected building and insulating materials were calculated. From this study it is 
found that the decrement factors of the fly ash brick (0.4) and jute felt (0.4) are the least and the tim  lags of the fly 
ash bricks (8.15h) and jute felt (8.75h) are the highest among all the studied homogeneous building and insulating 
materials. Hence these two homogeneous materials are more effective building and insulating materials t 
suppressing temperature swings. From the study ultimately it is concluded to recommend fly ash brick composite 




In air conditioned buildings, the energy consumption of Air conditioner is major share when compared to o her 
components like lighting, washing etc. The share of nergy consumption can be reduced by constructing the energy 
efficient buildings. The energy efficient, environment friendly building and insulating materials have b come an 
extremely important aspect of energy efficient building construction. The EN ISO 13786:2007 procedure has been 
compared with fast Fourier transform analysis (Gasparellaa et al., 2011). Wall’s optimum insulation positi n using 
brick and granite as wall materials and polyurethane d cork sheet as insulation materials were investigated using 
crank-Nicolson’s scheme under periodic convection boundary conditions (Asan, 2000). The effect of wall’s 
insulation thickness and position (polyurethane foam, cork board and rubber) on time lag and decrement factor was 
investigated using crank-Nicolson method (Asan, 1998). Numerical computations of time lags and decrement factor 
for different building materials were also investigated (Asan, 2006).  
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The present study focuses on the effects of wall’s material, thickness, thermal properties and insulation location on 
unsteady state thermal characteristics. The admittance method was employed to calculate all the unsteady state 
thermal characteristics of different homogeneous and composite wall materials. A computer program was developed 
for the cyclic response admittance method to calculte unsteady state thermal characteristics like admittance, 
transmittance, decrement factor, time lag, surface tor and surface factor time lags for the both homogeneous and 
composite walls. The values of penetration length, phase velocity and optimum fabric thickness were computed for 
different Indian building and insulating materials. 
 
2. CYCLIC ADMITTANCE PROCEDURE 
 
Heat gain through the exterior walls and roofs is cycli  in nature. This unsteady state heat flow results in unsteady 
state thermal characteristics. There are two levels of dynamic modeling i.e., Transient and Cyclic. The present study 
focuses on the cyclic response admittance method. The cyclic-response admittance method attempts to consider the 
effects of dynamic conditions on fabric heat transfer, abric thermal sorption and storage, effectively by determining 
unsteady-state multiplier factors for application to the steady-state properties of the fabric. The outside air 
temperature the admittance model uses the hypothetical sol–air temperature, as a single point variable to stablish 
this thermal gradient. This represents the rate of heat flow into the external wall surface by convection from the 
surrounding air plus shortwave solar radiation and radiative exchange to the surroundings. 
 
The admittance procedure is used (CIBSE, 2006) to calculate these unsteady state parameter values which use 
matrices to simplify the temperature and energy cycles for a composite building fabric element that is subjected to 
sinusoidal temperature variations at the sol–air node. The temperature distribution in a homogeneous wall subjected 









  (1) 
 
Solution to Fourier equation is, 
 
 (, ) = ℎ( + ) + ℎ( + )(2 ⁄ ) (2) 
Where,   = !
" #⁄  . 
 
When the conducting medium finite thickness slab X, temperature and flows at the two surfaces are considered then 
the above equation can be related as,  $ = %ℎ(& + &) 	+ (% )ℎ(& + &)* +⁄  and  ($ = %)ℎ(& + &)* ×+ + (%ℎ(& + &) or they can be arranged as, 
 
 -$($. = /
ℎ(& + &) )ℎ(& + &)* +⁄
)ℎ(& + &)* × + ℎ(& + &) 0 -
%(%. (3) 
 
Where, cyclic thickness(&) = √
" # = √2 ⁄⁄  and	+ = √2#
"  = √2 2⁄3 . 
Transmission matrix of single layer can be written as, 
 
 -  +  ( + 4) +⁄(−4 + ). +  +  . (4) 
 
Where, constants	 = cosh(&) cos	(&), = sinh(&) sin	(&),  = cosh(&) sin(&) + sinh(&) cos	(&) √2⁄  and 
4 = cosh(&) sin(&) − sinh(&) cos	(&) √2⁄ . 
Transmission matrix of surface internal and external film resistances can be written as, 
 = = >1 −@AB0 1 D 	+E	= = >1 −@AF0 1 D (5) 
 
Transmission matrix for composite wall can be written as, 
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 -B(B. = >
1 −@AB0 1 D >
G% GGH G%D >
% H %D … . >1 −@AF0 1 D -
F(F. (6) 
 
Where, m and n represent number of layers of the wall.
Transmission matrix can be further reduced as follows, 
 -B(B. = -
=% ==H =J. -
F(F. (7) 
 
Unsteady thermal characteristics of the laterite wall at various humidity levels are calculated by thefollowing 
correlation, The cyclic transmittance is 
 
 K = 1/=2 (8) 
The decrement Factor (f) represents the ability of a structural element to moderate the magnitude of a temperature 
change or swing at one face before this penetrates to the other. It is largely a function of the thickness of the element 
and is dimension less. It can be calculated by, 
 MN = − 1O= (9) 
 
 M = |MN| (10) 
 
Thermal transmittance (U) is found by adding the thermal resistances of adjacent material layers, boundary layers of 
air and air cavities, and then taking the reciprocal. 
The decrement delay (ϕ) is the time lag between the timing of peak internal temperature and the peak heat flow out 
of the external surface. It can be calculated by 
 
 Q = 12 +2+ R
SG(MN)@(MN)T (11) 
 
The thermal admittance (Y) is the amount of energy leaving the internal surface of the element into the room per 
unit degree of temperature swing. This is a measure of the ability of a surface to smooth out temperature variations 
in a space and represents the rate of energy entry into a structure rather than that of passage through it. It can be 
calculated by, 
 	UB = V(BWXYZ[\ = −=1/=2 (12) 
 
 ] = |UB| (13) 
 
The surface factor (F), this relates the admission and absorption of energy to the thermal capacity of a structural 
element. It is dimensionless. 
 N̂ = 1 − @AB]N (14) 
 
 ^ = | N̂| (15) 
 
The surface factor time lag (ѱ) is the time lag between the timing of the peak heat flow entering the surface and peak 
heat flow leaving the surface into the room. 
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 _ = 12 +2+ R
SG( N̂)@( N̂)T (16) 
 
The penetration length, phase velocity and optimum fabric thickness can be calculated as follows (Magyari and 
Keller, 1998), 
The thickness of the wall at which the thermal effects are very strong is called penetration length, and the 
approximate value for this hot region can be calculted by  
 à = √2b/c (17) 
 
The phase velocity of thermal heat wave can be calculated by 
 
 d = √2bc	 (18) 
 
Where, 	c	 = √2/ 
The optimum wall thickness at heat storage capacity is maximum can be calculated by 
 
 ef"g = 1.18251 à  (19) 
 
3. UNSTEADY STATE THERMAL CHARACTERISTICS OF BUILDI NG AND 
INSULATING MATERIALS  
 
Table 1 shows the thermal properties, penetration length, phase velocity and optimum fabric thickness of the Indian 
Building and Insulating materials considered for the study (SP: 41, 1987). Five building and five insulation materials 
were selected for the study. The computer program was used to calculate the unsteady state thermal characteristics 
of homogeneous and composite wall materials. The building materials are coded from BM1 to BM5 where as the 
insulating materials are coded from IM1 to IM5. Plaster was represented by code P. The unsteady state thermal 
characteristics for all building and insulating materials were calculated using the Equation (1) to Equation (16) as 
shown in Table 2. In this study, nominal thickness of the homogeneous wall was taken as 0.2m. In the present study, 
external and internal surface resistances selected ar  0.04 m2 K/W and 0.13 m2 K/W respectively. The decrement 
factor and it’s time lag were calculated using Equation (10) and Equation (11) respectively.  The thermal admittance 
value was obtained from Equation (12) and Equation (13). The surface factor and it’s time lag were computed by 
Equation (15) and Equation (16) respectively.  
The penetration length is the minimum thickness of the wall to be maintained for heat storage. The phase velocity is 
the velocity of the heat wave passing through the wall.  The optimum fabric thickness is the thickness at which 
maximum heat storage occurs. Wall thickness greater than optimum gives no additional energy storage benefit and 
can actually reduce energy storage. The physical explanation given is that as heat stored in the fabric from previous 
days tries to escape, it meets with the current heaflow attempting to enter the fabric. The penetration length was 
calculated from Equation (17). Equation (18) was used to calculate approximated value of phase velocity of heat 
wave passing through the wall. The optimum thickness of the wall was estimated by using Equation (19). 
 
 
Figure 1: Configurations of Composite walls (P: Plaster; BM: Building material; IM: Insulating material) 
Table 1: Thermal properties and Optimum thickness values of Building and Insulating materials 
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1. Laterite  Stone*  BM1 1.369 1000 1926.1 7.11 0.139 0.1016 0.165 
2. Burnt brick BM2 0.811 1820 880 5.06 0.118 8.578  0.139 
3. Mud brick BM3 0.75 1731 880 4.92 0.116 8.459  0.137 
4. Reinforced brick BM4 1.10 1920 840 6.82 0.137 9.95   0.161 
5. Fly ash brick*  BM5 0.360 1700 857 2.47 0.082 5.993  0.097 
6. Saw dust IM1 0.051 188 1000 2.71 0.086 6.278 0.102 
7. Rice husk IM2 0.051 120 1000 4.25 0.102 7.862 0.127 
8. Coir board IM3 0.038 97 1000 3.91 0.103 7.541 0.122 
9. Jute felt IM4 0.042 291 880 1.64 0.067 4.883 0.079 
10. Jute fiber IM5 0.067 329 1090 1.86 0.071 5.201 0.084 
11. Cement plaster P 0.721 1762 840 4.87 - - - 
 








F Ѱ (h) χ 
(J/m2K) 
BM1 3.165 0.563 5.44 5.26 1.12 0.398 1.99 79818 
BM2 2.401 0.549 5.95 4.61 1.38 0.488 1.72 71789 
BM3 2.29 0.554 5.95 4.48 1.43 0.505 1.67 69884 
BM4 2.84 0.601 5.26 4.87 1.27 0.452 1.82 74096 
BM5 1.37 0.401 8.15 3.72 1.69 0.599 1.34 57782 
IM1 0.244 0.610 6.17 0.774 2.79 0.927 0.276 12172 
IM2 0.244 0.779 4.30 0.605 2.88 0.944 0.218 9465 
IM3 0.184 0.760 4.53 0.48 2.93 0.956 0.173 7539 
IM4 0.202 0.400 8.75 0.819 2.71 0.922 0.288 12372 
IM5 0.316 0.438 8.20 1.178 2.59 0.886 0.415 18030 
 
Table 3: Composite wall configuration and Thickness 
 
S.No. Configuration Thickness of the wall from outside to inside  (m) 
1. A 0.015P+0.2BM+0.015P 
2. B 0.015P+0.02IM+0.2BM+0.015P 
3. C 0.015P+0.1BM+0.02IM+0.1BM+0.015P 
4. D 0.015P+0.2BM+0.02IM+0.015P 
 
Figure 1 shows the configurations of the composite walls selected for this analysis. Four configurations were 
selected to study the effect of the insulation locati n on time lag and the decrement factor of the comp site walls. 
Table 3 shows the configuration and thickness of the composite walls used for the study. 
 
4. RESULTS AND DISCUSSIONS 
 
4.1 Optimum fabric thicknesses of the building and insulating materials 
The rate of flow of the heat energy, for each degre of deviation about the mean environmental temperature value, is 
known as the thermal admittance. It is the unsteady state parameter that positively indicates the ability of the fabric 
to absorb (and store) heat energy from the environmental node, i.e. fabric energy storage or ‘thermal ss’. The 
associated time dependency of this heat transfer is referred to as the lead time. Figure 2 shows the variation of 
admittance and transmittance of the building and insulating materials with thickness. From figures it can be 
observed that for thin cross section fabrics admittance is equal to the transmittance. The values of a1, b1, c1, d1 and 
e1 represent the optimum fabric thicknesses of the building materials from BM1 to BM5 respectively and the values 
of a2, b2, c2, d2 and e2 represent the optimum fabric thickness of the insulating materials from IM1 to IM5 
respectively. From the results, It was observed that among all the five building materials studied, fly ash bricks have 
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least optimum fabric thickness value e1 (0.097m) and l terite stones from the south west coast of India have higher 
optimum fabric thickness value a1 (0.165m). It can also be observed that among all the five insulating materials 
studied, jute felt insulation material has least optimum fabric thickness value d2 (0.079m) and rice husk has higher 
optimum fabric thickness value b2 (0.127m).  At an optimum fabric thickness all the building and insulating 
materials have maximum thermal heat capacity values. P netration length, phase velocity and optimum fabric 
thickness values of all the building and insulating materials were shown in the Table 1. 
 
4.2 Effect of thickness on time lag and decrement factor of building and insulating materials 
The effect of wall thickness of the building materials on the decrement factor and time lag was shown in Figure 3. 
The thickness of the homogeneous walls considered for the study is 0 to 1m. The decrement factor of the building 
material decreases and it’s time lag increases withan increase in the wall thickness. The smaller the decrement 
factor the more effective the wall at suppressing temperature swings. Figure 3a and Figure 3b show the decrement 
factor and its time lag of the building materials used in the study. From these figures, it was observed that the fly ash 
bricks have lower decrement factor values (0.401) and higher time lags (8.15h) where as reinforced bricks have 
higher decrement factor values (0.601) and lower time lags (5.26h). Figure 4a and Figure 4b show the decrement 
factor and it’s time lag of the insulating materials used. From the figures, it was observed that among all the studied 
insulating materials, jute felt has lower decrement fac or values (0.4) and higher time lags (8.75h) wereas rice husk 
has higher decrement factor values (0.77) and lower time lags (4.3h). 
 
4.3 Effect of thickness on surface factor and it’s time lag of building and insulating materials 
Figure 5a and 5b show the surface factor and it’s time lag of building and insulating materials. Surface factor and it’s 
time lag of the homogeneous walls is independent of the wall thickness. The surface factor and it’s time lag value 
increases with increasing thermal conductivity and remain virtually independent of the material thickness. From the 
results, it was observed that among all the building materials studied, fly ash bricks have higher surface factors 
(0.599) and lower surface factor time lags (1.34h) w ereas laterite stones have lower surface factors (0.398) and 
higher surface factor time lags (1.99h). Among insulating materials studied, it was observed that the coir board has 
higher surface factors (0.956) and lower surface factor time lags (0.173h) where as jute fibre has lower surface 
factors (0.886) and higher surface factor time lags(0.415h). 
 
4.4 Effect of Insulation location on decrement factor and it’s time lag of composite walls 
Figure 6a and 6b show the effect of the insulation location on decrement factor and it’s time lags of laterite stone 
(BM1). Laterite stone with Configuration A without insulation gives the higher decrement factor (0.461) and lower 
time lags (6.37h). Laterite stone with five insulation materials placed in three different configurations was studied. 
From the results, it was observed that the laterite stone (BM1) with the coir board insulation (IM3) located at the 
outer surface (Configuration B) gives the least decrement factor (0.21) and laterite stone with the saw dust insulation 
(IM1) located at the inner surface (Configuration D) gives the highest decrement factor (0.3438). Laterite stone with 
the jute felt insulation (IM4) located at the mid plane of the wall (Configuration C) gives the highest time lag (8.9h) 
and laterite stone with the jute fibre insulation (IM5) located at the inner surface gives the least time lag (7.4h). 
 
Figure 7a and 7b show the effect of the insulation location on decrement factor and it’s time lags of Burnt brick 
(BM2). Burnt brick with Configuration A without insulation gives the higher decrement factor (0.459) and lower 
time lags (6.93h). From the results, it was observed that the burnt brick (BM2) with the coir board insulation (IM3) 
located at the outer surface (Configuration B) gives the least decrement factor (0.22) and burnt brick with the jute 
fibre (IM5) located at the inner and at the mid plane (Configuration C& D) gives the highest decrement fac or (0.34). 
Burnt brick with the jute felt insulation (IM4) located at the centre of the wall (Configuration C) gives the highest 
time lag (9.15h) and burnt brick with the jute fibre insulation (IM5) located at the inner surface gives the least time 
lag (8.13h). 
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Figure 4: Time lag and decrement factors of Insulating materi ls 
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Figure 6: Effect of insulation location on decrement factor and it’s time lags of BM1 
Figure 7c and 7d show the effect of the insulation location on decrement factor and it’s time lags of mud brick 
(BM3). Mud brick without insulation gives the higher decrement factor (0.466) and lower time lags (6.95h). From 
the results, it was observed that the mud brick (BM3) with the coir board insulation (IM3) located at the outer 
surface gives the least decrement factor (0.23) and mu  brick with the jute fibre insulation (IM5) located at the 
centre and at the inner surface gives the highest dcrement factor (0.359 & 0.345). Mud brick with the jute felt 
insulation (IM4) located at the centre of the wall gives the highest time lag (9.1h) and mud brick with the jute fibre 
insulation (IM5) located at the inner surface gives the least time lag (8.1h). 
Figure 7e and 7f show the effect of the insulation location on decrement factor and it’s time lags of reinforced brick 
(BM4). Reinforced brick with Configuration A without insulation gives the higher decrement factor (0.501) and 
lower time lags (6.23h). From the results, it was observed that the reinforced brick (BM4) with the coir board 
insulation (IM3) located at the outer surface gives the least decrement factor (0.24) and reinforced brick with the jute 
fibre insulation (IM5) located at the inner surface gives the highest decrement factor (0.384). Reinforced brick with 
the jute felt insulation (IM4) located at the mid plane of the wall gives the highest time lag (8.6h) and reinforced 
brick with the jute fibre insulation (IM5) and rice husk (IM2) located at the inner surface gives the least time lag 
(7.4h &7.37h).  
Figure 7g and 7h show the effect of the insulation location on decrement factor and it’s time lags of fly ash brick 
(BM5). Reinforced brick with Configuration A without insulation gives the higher decrement factor (0.342) and 
lower time lags (9.19h). From the results, it was ob erved that the fly ash brick (BM5) with the coir board insulation 
(IM3) located at the outer surface gives the least decrement factor (0.17) and fly ash brick with the jute fibre 
insulation (IM5) located at the mid plane of the wall gives the highest decrement factor (0.26). Fly ash brick with the 
jute felt insulation (IM4) located at the mid centre plane of the wall gives the highest time lag (11.17h) and fly ash 
brick with the jute fibre insulation (IM5) and rice husk (IM2) located at the inner surface gives the least time lag 
(10.43h & 10.41h). 
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Figure 7: Effect of Insulation location on Decrement factor and its time lag for different configurations 
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5. CONCLUSIONS 
• The composite wall with insulation placed at the mid centre plane of the wall and insulation placed at outer 
surface of the wall are the recommended composite walls for higher time lag and lower decrement values 
respectively.  
• Fly ash brick with the jute felt insulation located at the mid centre plane of the wall and fly ash brick with 
the coir board insulation located at the outer surface are the recommended combinations for higher time lag 
and lower decrement factors respectively. 
• Decrement factors of the fly ash brick (0.4) and jute felt (0.4) are the least among all the studied building 
and insulating materials, respectively. Time lags of the fly ash bricks (8.15h) and jute felt (8.75h) are the 
highest among all the studied building and insulating materials. Hence these two materials are more 
effective at suppressing temperature swings. 
• From the results it was observed that, Building materi ls are slow responsive to short wave radiation due to 
their lower surface factors and higher surface factor time lags where as insulating materials are fast
responsive to short wave radiation due to their higher surface factors and lower surface factor time lags. 
Hence the insulating materials should not be exposed to radiation.  
• Among all the studied building and insulating materials, Fly ash bricks and jute felt can store large amount 




Cp  Specific heat     (J/kgK) 
k  Thermal Conductivity   (W/mK) 
P  Time period     (s) 
q   Heat Flux    (W/m²) 
R  Surface Resistance   (m²K/W) 
U  Thermal Transmittance    (W/m²K) 
Y  Thermal Admittance    (W/m²K) 
Greek Letters 
α  Thermal Diffusivity   (m2/s) 
ρ  Density      (kg/m3) 
ϕ  Decrement Delay    (h) 
χ  Thermal Heat Capacity    (J/m²K) 
Subscripts 
e   Exterior surface 
i   Interior surface 
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